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Abst rac t

We have used UBV photometry of 14 associations in the l.argc  and Small Magcllanic  Clouds

to derive luminosity and mass functions for the most massive stars in the associations. The

main sequence luminosity functions for the associations arc quite similar, having an average

Slope of s == 0.30. The slopes of the mass functions for the associations span similar

in both  l,lle I.MC and SMC and there is no stro]lg evidence for a significant variation

slopes from onc association to another. Metal abundance does not appear to have a

ranges

in the

strong

cflcct on the lMF, at least for the range in metal al.mndanccs  observed between !J)c Magcllanic

Clouds. l’he  average slope of the lMF for the Magellanic Cloud associations is 1’= –2.0 + 0.5

for M > 9M0,  while the individual associations span a range in slope of –1.2 > I’ > –2.5. ‘he

wide range in slopes is more likely due to the large uncertainties which are associated with the

calculations of the mass functions, rather than to a rea] variation in the IMFs.  There may be

some evidcncc  for a decrease in the slope of the lM1’ at masses below 9A40, but  incompleteness

and the larger photometric errors associated with tllc faintest stars make this change in slope

uncertain.

Keywords: stars: 011 associations – stars: photometry – stars: masses — galaxies: LMC

and SMC



J.  lNTllOllUCrJ’l  ON

The Vogt-ltusscll  theorem states that, to first order, the initial mass of a star dct.ermines

its structure and evolution. Therefore, a knowledge of the distribution of the initial masses of

stars, or the initial mass function (l MII’), is

into the structure and evolution of galaxies.

of great i]nportanc.c to lnany aspects of rescarcl(

‘J’he form of the IMII’,  along with the rate of star

formation, will determine the distribution of stellar populations which exist in a galaxy at any

given time. ‘J’hc IMF  and star formation rate for massive stars is of further importance bccausc

of the influcncc of massive stars on the chemical and dynamical evolution of the interstellar

medium. Massive stars control the energy input and the amount and composition of material

returned to the interstellar medium through stellar winds and supernovae. Thus any study of

the evolution of the ISM requires a knowledge of the massive star IMF  as one of the input

parameters.

We have undertaken an observational program with the goal of determining the IM 1+’ for

massive stars in OB associations in the Magellanic  Clouds. Even though the 011 stars in

the Magellanic  Clouds are more distant, and hence fainter, than Galactic 011 stars, there are

several advantages to using a sample of Magc]lanic  Cloud stars rather than Galactic stars. ‘J’he

most important advantage is that the amount of interstellar reddening and absorption toward

massive stars in the Magellanic  Clouds is much less than toward their Galactic counterparts.

Since the derivation of luminosity and mass functions requires an accurate knowledge of the

absolute magnitudes of stars, it follows that the amount of extinction towards each of these stars

must first be reliably determined. ‘J’hc nearest Galactic O and 1] stars may suffer as much as a

magnitude or more of absorption in the visua]  and the amount  of absorption varies significantly

for different lines-of-sight, making accurate determinations of the extinction difficult. On the
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otl Icr hand, t}}c Magcllanic  Clouds lic in dircc.tions  well away from the Galactic plane (h]] N

–33° for the LMC and bll N –44° for the SMC) and hence the foreground extinction is low.

‘J’he only appreciable gas and dust along the ]incs-of-sight  to massive star forming regions in

the Magcllanic  Clouds is associated with the star forming regions themselves.

‘J’hc second reason for going to the Magcllauic  Clouds to dctcrminc  the massive star lMI’

is that  all of the stars in each galaxy  earl bc considered to bc at the same distance. Any errors

in the assumed distances to the two galaxies will result only in a scale error in the derived

IMII’, with the shape of the lMl~ being unaffected. ‘J’his  will not be true, however, if Galactic O

and 11 stars arc used to determine the IMF for massive stars. In order to obtain a statistically

significant sample of stars, it is necessary to include stars which are at distances ranging from a

few hundred parsecs up to approximatc]y  3 kpc. The uncertainties in the distances to individual

stars can lead to significant errors in the derived Galactic IMk’.

l’he  distances to the Magellanic  Clouds have been the subject of some cont,rovcrsy  over the

last two decades. Accurate knowledge of the distances to these galaxies is cxtrcmcly  important

to the study of many cxtragalactic  problems, primarily because the Magellanic  Clouds arc

tllc first step outside our galaxy in establishing the cxtragalactic  distance scale. I’ortunatcly,

most recent measurements of t IIc di st a,nccs  to t hcsc galaxies arc now in general agrccmcnt.

Westerlund  (1990) has sunrmarizcd  the recent results obtained from many different distance

estimating techniques and has concluded that the most likely true distance rnoduli  for the

I,MC and SMC are 18.5 and 18,9 mag,  respectively. These distance moduli correspond to

distances of 50 kpc for the I,MC arid 60 kpc for the SMC, and will bc adopted here without

further discussion.

A third reason for observing Magcllanic  Cloud stars is to investigate the sensitivity of the

2



i

11141’’  and thc])liysics  of’star  formation  to metal  abundancx. ‘J’hc mctallicitics  of tlic Magcllanic

Clouds  arclowcr  than lJlcGalaxyand  differcntfromcach  othcr(Z  =0.01 and Z= 0.002 for

the I,MC and SMC, respcctive]y  (I,equeux  et al. 1979, ])ufour  et al. 1982, and l)ufour  1984).

Therefore any systematic differences between the forms of tile IM1’ for the two galaxies may

indicate a dcpcndcncc  on metal abundance, althoug})  ol,hcr possibilities cannot bc ruled out a

priori.

11’or  the above reasons, we have chosen to attempt to determine the form of the massive

star lM 1’ from observations of Magcllanic  Cloud 01] associations. ‘J1hc  U IIV observational data

for the 14 associations is presented in hill et al. (I 992a, hereafter l’apcr  1). The  first step in

deriving the IMII’ from the data is to remove the effects of interstellar extinction (Hill et al.

1992b, hcrcaftcr Paper II). A full treatment of the procedures used to do this and the effects

of the random and systematic errors associated with them is also given therein.

‘J’hc U1]V observational data, once corrcctcd  for reddening, can bc used to derive a. mass

function in at least two different ways. ‘J’hc first method requires the construction of a main

sequence luminosity function from the observed data. This luminosity function is then converted

to a mass function by employing an adopted mass-luminosity relation. “J’hc steps involved and

t hc sources of error associ  atcd  with this tcchn iquc have been t borough] y rcvicwcd by Scalo

(1986). ‘J’hc second method involves the transformation of the observational (V,(B-V)) data

star by star to the theoretical (A4~Ol,  log ?~f j ) plane,  where the data can then be compared

dircctl-y  to theoretical evolutionary tracks to construct the mass function.

‘J’here arc difficulties with each approach. Ill the first case, the construction of a main

sequence luminosity function is straightforward, but the mass-luminosity relation must bc

constructed from theorctica~ cvo]utionary  models. ‘J’llcsc  models generally yield a bolonlct-

3



ric luminosity and cffcctivc temperature for each stagcof  evolution. in order to construct the

a]l])rol)riatcl  nass-]ulnillosity  re]atioll,a  bololllctricco  rrectiollll  lustbca])1)]icd  tothctheorctica]

luminosities. Also, the mass-luminosity relation will be a function of the  agc of the association,

because of i,hc evolution of stars near the top of the ol)scrvcd  main scquencc. Thus, if these

evolved stars arc to bc included in the analysis, a distinct mass-luminosity rc]ation  must bc

derived for each association. 1~’inally, the most evolved stars in the associations are not near

tllc main sequence at all and hence are not included in the luminosity function. l’hese  stars arc

of ilnportancc bccausc  they arc ra.rc examples of (usually) the most massive members of the

associations,

On tlic  other hand, the second method requires the transformation of the individual stellar

magnitudes and colors to the t hcoretical  plane. This in turn requires accurate color/efI’ective

temperature and effective temperature/bolornctric  correction relations. Iiowcver,  this method

has at ]cast  i,hrce advantages. (1) The stars arc transformed individually to the theoretical

plane. ‘l’his in turn allows a more thorough investigation into how WCII the observational

and .thcoretical  planes map  onto cacll other, since the positions of the individual stars in the

theorctica]  11 IL diagram call be directly compared to the published evolutionary tracks. (2)

~’hc evolved stars can bc included in the analysis, even though their assigned masses may

bc less certain than those of main sequence stars. This is important in cases such as the

association 1,11 111, which has a large population of red supergianis.  (3) No assumptions are

made regarding the star formation history of the associations. ‘J’hc construction of a unique

ll~ass-lll~llixlosity  relation for each associatiolt,  which is necessary ix~ employing the first mctllod

implicit] y assumes that star formation occured illstantaneously  in each association. ‘J’his  is

almost certainly untrlle. ‘J’hc second Incthod  makes no such assumption, and, ill Pact, the
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positions of stars in the theoretical 11{ diagram may yield information concerning tlic duration

of the star formation event. l“or these reasons, wc have chosen to employ the second method in

the construction of the mass functions for the Magcllanic  Cloud associations.

Ncvcrthclcss,  the luminosity functions arc still a useful tool for investigating the systematic

of the stellar populations of tile associations

wc present the luminosity functions for the

used to transform i,hc observational data to

and for comparison with previous studies. llcncc

associations in $11 before deriving the equations

the theoretical plane in ~111. ‘1’hc mass functions

arc derived in $IV. ‘J’hc properties of the individual associations arc discussed in $V and wc

compare our results to previous work in $V1. ‘1’hc  conclusions arc prcscntcd  in \V1l.

11. L U M I N O S I T Y  F U N C T I O N S

The main sequence luminosity functions were constructed in a straightforward manner.

q’hc UIIV data presented in Paper I were corrcctcd  for intcrste]lar  reddening and extinction

according to the precepts outlined ili Paper 11 to yield intrinsic rnagnitudcs  and colors. The

main sequcncc stars were sclcctcd  by including only stars with (11 – V)O s 0.2 msg. This limit

was chosen to account for the broadening of the main scqucncc at faint magnitudes (due to

the photometric errors), while still excluding the bulk of the field stars. These stars were then

binned in ().5 magnitude intcrva]s. ‘1’he  luminosity functions arc tabulated in ‘1’ablcs  1 and 2

and are displayed in Figures 1-14.

Wc may attempt to paramctcrizc  the

represented by a power law. There is no

luminosity functions by assuming that they can bc

justification for expecting the luminosity functions

to conform to a power law, but the observational data do not require the adoption of a more

complex paramctcriza.tion. T]lis paramctcrization  also facilitates a colnparison  witli J)rcvious
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work. ‘1’llc luminosity function then takes the form

IOg[a)(vo)]=svo+  6 (1)

wl~crc d~(VO)  TcprcscIIts  the nulnher  of main sequcncc s

0.25) < VO < (1~0 + 0.25), and s is the s]opc of the

clctcrmi]lcd  by a least-squares fit, to I,hc billncd  data.

ars found in the magnitude range (VO -

ulninosity function. ‘1’llc slope can bc

‘J’hc slopes of the V magnitude main scqucncc luminosity functions for the Magcllanic Cloud

associations arc listed in g’a.blc  3. ‘J’lic magnitude rarlgcs for wllicll  the S1O]NX arc calculated

arc found in column 2, and the s]opcs arc listed in column 3. ‘I’llc slopes listed in column 4 arc

explained below. I’hc tabulated errors arc the formal errors from the least-squares fits. F,acll

magnitude bin was weighted according to the square-root of the number of stars in the bin.

‘J’hc luminosity functions for each association begin to turn over at fainter lnagnituclcs where

the data bccomcs incomplete. ‘1’hc effect of incomplctcncss  ill the fainter magnitude bins would

be to dccrcasc  the slopes of tlic luminosity functions. No attempt has been made to make a

complctcncss  correction to the number of stars

whicl]  the s101)cs were ca]culatcd  was chosen in

function.

at faint nlagliitudcs. llowcvcr,  the range over

each case to avoid this part of the lulninosity

Unrcso]vcd  binary stars can have an affect on the luminosity function slopes. “J’hc typical

seeing on any given night  was w 1”, wltich, at the distance of t}lc Ma,gcllanic  Clouds, corre-

sponds  to a physics] distance of N 0.2 pc. ]{cncc, any two or more stars which arc c]oscr than

this separation will not bc resolved by IIAOI’11 OT. “J’hercforc, most binary stars will not bc

identified as such and many of the “stars” observed may actually consist of two or nlorc fainter
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stars. ‘1’here is no nlethod  of accurately accounting for the prescwcc of u]lresolvcd  binaries,

unless i,lle binary  frequency and their magnitude distribution is known. llowevcr,  in a case

where a binary system  has been identified as a single star, it should be replaced by two stars at

fainter magni~udes. Thus, the eflect of unresolved binaries is to replace two fainter  stars with

onc brighter one. ‘1’hcrefore,  the prcsencc  of unresolved binaries will result  in the observed lu-

minosity function having a smaller slope than t,hc true  luminosity function. This efrcct has been

quantitatively verified by the numerical simulations of Freedman (1983). ‘J’hc mass functions

which we present later ($ IV) will be affcctcd in the same way b-y the prcsencc  of unrcso]vcd

binaries.

This same resolution problem may also cause incompleteness in the data at brighter  mag-

nitudes in crowded regions. However, most of the associations observed in this study  arc loose,

uncrowded systems. The two exceptions are 1,11 111 and NGC 376. The  slopes of the luminosity

functions for these two associations do not  differ from those of the less compa,ct objects.

The photometric errors are not a significant source of error in the slopes of the luminosity

functions. In tl~c case of the bright  stars, tile photometric errors are of i,hc order 0.02 msg.

Since the magnitude bins arc 0.5 mag  in width, very fcw bright  stars will be placed in the

wrong bins. ‘J’he photometric errors are larger for the faintest stars (N 0,2 mag),  but the

luminosity functions are aflected  by incompleteness before the errors become this large, and

hence these stars fall into magnitude bins which were not used in the calculation of the slopes

of the luminosity funcl,ions.

~’he color magnitude diagrams for the associations (SCC l’apcr  11) demonstrate that the maili

sequences of the associations extend to different limits at the brig]lt end, indicating a spread in

tllc ages of tile associations. In order to make a ])roJ)cr comparison of the luminosity functions,
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their  S1O]JCS  S1]OUICI be talc.ulatcd over t,he same range of ma,gnitudc in cacl[ c.asc. ‘1’llis  will

ensure that t,hc sa,lnc types of stars are used to construct all of t.hc luminosity functions. At

the bright end, the limit is defined by those associations which have the faintest upper main

scquencxx. An attempt was made to make the magnitude cut-off faint enough so that stars

which ha,vc evolved significantly from tllc ZAMS were cxcludcd.  At tllc faint end, the limit

is set by the completeness of the data. I+’or the LMC, a suitable range in magnitude appears

to bc 14.5< VO < 17.5 msg. Allowing for its greater distance, a similar range for the SMC

associations is 15.0 < VO < 18.0 msg. The slopes of the main sequence luminosity functions,

%5> calculated over these ranges have been tabulated in column 4 of q’able 3. The one exception

is 1,11 111, for which the data arc incomplete at magnitudes VO < 17.0 mag, and therefore a

value of Sn, $ has not been calculated for this association. The formal errors associated with

tliese slopes are much larger than in the previous case because the magnitude range is smaller.

‘1’hc slopes for the I,M C associations are remarkably similar, considering the uncertainties in

the slopes. The average slope is (s) = 0.25 for the full range luminosity functions and (snl~) =

0.29 for the limited range main sequence luminosity functions. There are, however, hints that

the luminosity functions for 1,11 54 and 1,11 58 are flattenilig  out, or perhaps even starting

to turn over, at magnitudes fainter than VO ~ 16.5 msg. ‘1’hc  data are still complete at this

magnitude, so this may reflect a rca] difference in the stellar populations of these associations,

but this interpretation depends on only onc or two magnitude bins. ‘1’hcrcfore,  the significance

of the flattening of the luminosity functions for these associations is uncertain. If wc recalculate

the s]opcs  of the luminosity functions for these two associations for the brighter stars only, wc

obtain s = 0.32 + 0.05 (12.0 < VO < 17.0 mag) for 1.11 54 and s = 0.33 + 0.08 (13.0 < VO < 17.5

mag) for 1,11 58. ‘1’hcse  numbers arc not significantly difrcrcnt from the slopes obtained for the
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otl]cr associations in the samp]c.

‘J’he slopes for the SMC associations arc also similar ((s) = 0.30, (s,n,)  = 0.31), with

the cxccption  of N 24 and possiMy NGC  249. N 24 is a very complex region containing

more than onc center of Ha emission (SCC I’igurc lb of McCall et al. 1990) as well as a

supclnova  remnant (Mathewson and Clarke 1973). It is possible that  star formation in this

association took place over an cxtcndcd  period with more than onc ccntrc.  ‘J’his  would rcsuli.  in

a steeper luminosity function bccausc  some of the upper main sequence stars from the earliest

star formation cvcnis  would have evolved off the main scquencc while all of ihc lower mass

stars which were formed would still be on tJIc main sequence. Thus, the brighter magnitude

bins would be depleted relative to the fainter bins (this is essentially the same argument which

Salpctcr  (1955) used to explain the change in slope of the luminosity function of the solar

neighborhood at MV N +4.0). In the case of NGC 249, the calculated S1OPCS have larger

associated errors because it is” t}]e least populous of the associations and hence the luminosity

function is more susceptible to small number statistics. l’hcrcfore,  the larger slope obtained for

this association is of dubious significance.

‘J’hc differences in t}ic slopes calculated over the two difrerent magnitude ran.gcs  indicate

that the value obtained for the S1OPC is very sensitive to the choice of the upper and lower

magnitude limits. Even though the errors on the full range slopes in ‘J’able 3 arc of the order

of 10 – 1570, the calculated slopes can change by larger amounts depending on the upper and

lower magnitude limits. ‘J’hcrcforc,  the formal errors given for the full range luminosity function

slopes in column 3 of ‘J’able 3 arc probably undcrcstimatcs  of the true uncertainties.

A comparison of the results obtained here with other work is difficult bccausc most ot,hcr

invcstigatom  have sam p]ed a different range of 1 uminosi  tics along the main scqucn  cc. ‘1’here is
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no a p9.kwi reason to expect that the slope of the lu]ninosity fu]lction  should be constant over

a wide range  in magnitude; this must. be kept in mind when comparing the results of diflcrcnt

studies. Moreover, in this  study, associations of a single (or small range in) age have bcc]I

observed, whereas most  other studies have concentrated on field stars, which have a wide range

in ages.

L]i 111 is the only object in common between the associations studied here and those

studied by J,ee (1990). The  luminosity function presented by I,CC (1990) for this association

has a slope of 0.364:0.04, over t,l)c range 12.5< V. ~ 17.0 mag,  calculated in the same way as

the slopes given in Table 3. ‘1’his agrees reasonably WC]] with tlic value fou]ld here (0.294: 0.03,

which is unchanged if we restrict our calculation of the slope to the same range used by Lee).

l.uckc (1974) also studied the luminosity functions of the system of LMC associations. A slope

of s = 0.3 is estimated from his Figure 10 for stars in the range 13.0 < VO < 14.5, again in

agreement. with the results obtained here.

Lequeux  et al. (1980) have construcicd  a luminosity function for the brightest blue stars in

the I,MC based on the cataloguc  of l{ousscau  et al. (1978). A weighted least-squares fit to their

luminosity function yields a slope of 0.51 + 0.03 over the range –8.5 < M v < –6.0 msg. ‘J’hc

main scqucncc  luminosity functions presented llcrc correspond to somewhat fainter ma.gnitudcs

(–4.0 < A4v < –1.0 mag).  Also, the lLousseau et al. cataloguc  contains a mixed population

of objects, most of which are Muc supcrgiants  rather than main sequcncc stars, and hence a

st,ccpcr  slope is to be cxpcctcd.

l’rccdman  (1 985) has presented luminosity functions for 10 1.ocal Group late-type spiral

ancl irregular galaxies, including the I,MC and SMC. ‘J’he l,MC  data used in that study arc

also those of ]Lousscau et al. (1 978), while the SMC data were taken from Ardcbcrg  alld
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Maurice (1977). 11’rccd]nan  finds a slope of 0.67+ 0.02 for stars  brighter than  i’14v = –5.0, with

very little variation from galaxy to galaxy. ‘1’hc same caveats apply to this result as apply to

those of l.equcux  et cd. (1 980), namely that the stars observed arc brigbtcr  than those studied

hem and they  belong to a mixed population. l’rccdman has also pointed out that the slope

of the luminosity function must decrease somewhere in the range –5.0 < i14v < +5 msg. A

luminosity function as steep as 0.67 would result in integrated luminosities brighter than the

known luminosities of these galaxies.

Recently, IIlaha  and llumphrcys  (J 989) have compared the luminosity functions of the

brigbtcst  stars in the Galaxy, the LMC and the SMC. They find that the slope of the luminosity

function is w 0.7 in tbc range –9 s h4v < –7 and is similar in all three galaxies. This range

in luminosity corresponds to the brightest, most massive supergiants.  The value found for the

slope agrees with that of lleedman (1 985).

A better comparison to these other studies can be made if the data from all the LMC

associations arc summed together (a similar data set can bc crcatcd  for the SMC).  Unfortu-

nately, even when the data arc combined in this manner, there arc still too few stars at the

cxtrcmcly  bright magnitudes sampled by I.cqueux et al. (1 980), l’rccdman  ( 1985) and lllaha

and llumphrcys  (1989) to make a meaningful comparison. l’hc  lutninosity  function for the

summed I,MC data has a slope ofs = 0.40+ 0.08 for ikfv ~ –4.5, whi]c the summed SMC data

give a slope ofs = 0.52+ 0.08 for A4v ~ –4.0. IIowcver, these slopes are based on lCSS than 100

stars in each case and about half of the stars fall into the lowest magnitude bin. Nevertheless,

the trend is in the right  direction.

IIardy  et al. (1984) have studied the field star main sequcllcc luminosity function of the

I,MC at fainter magnitudes. An unwciglltcd  fit to tllc luminosity functio]i ])rcscntcd ill their
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‘J’able2 and l’igurc  7 yields aslopcofs  ~0.6for–l.3  < Mv ~ 1.4. ‘I’hcrc is  only marginal

overlap bctwccn  the luminosities of the stars studied by Ilardy  et al. and those studied here and,

once again, the field stars form a mixed population. Butcher (1 977) has also investigated the

field  star luminosity function of the LMC in an effort to find the change in slope which should

occur al the turn-off point of the oldest stars in the J, MC, which in turn yields the epoch of tile

earliest major burst of star formation in the galaxy. q’he luminosity function appears to change

in slope at Mv N +3,0, but  this result is sensitive to the estimated dcgrcc of completeness of

the data.  q’hc luminosity function prcscntcd  in ]Iutchcr’s  “1’able 1 gives a slope of s N 0.45 for

stars brighter than this turn-off point (0.0 ~ Lfv s 3.0).

In summary, the main sequence luminosity functions of the Magcllanic  Cloud associations

arc quite similar. I)espitc the fact that there arc hints that there may be differences in a fcw

cases, the significance of these  variations is questionable. There appears to be no clear evidence

to suggest that the main scqucncc  luminosity functions differ from onc wsociation  to another.

The average slope of the main sequence luminosity funcl,ions is s = 0.30, which agrees with

previous results obtained for stars of similar ]uminositics.  ‘] ’he larger slopes obtained by other

investigators for brighter stars may reflect a true difference relative to the fainter stars, or may

bc due to the inclusion of a mixed population inc]uding many blue supcrgia,nts.

HI .  CONVERSION FROM THE OBSERVATIONAL TO THE

T13EORETICAL  P L A N E

in order to construct mass functions, the observational data must bc compared with the-

oretical  models of stellar evo]ution. T]LC stellar parameters calcu]atcd  in these models arc

usually  bololnctric  lnagnitudc  and cflectivc  tclnpcraturc. ‘1’hercforc, ill order to effect a co~n-

parison,  the observational data must be t,ransformcd froln (VO, (11 – V)O) plane to tllc tllcorctical
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(lbl,,o,,lc)g(Y&j j)) plane.

‘1’lIis  transformation to the theoretical plane is made in three steps.  ‘1’hc  first stc]) is to

calculate the stellar effective temperatures from the individual colors, the second is to apply

the bo]omctric  correction to the V. magnitudes, and finally the distance modulus is used to

convert the bo]ometric  magnitudes to absolute bolomctric  magnitudes.

‘J’hc most common means of determining effcctivc tcmperat u res from photometric data is

to usc a calibration of (B – V)O colors versus effective temperatures. llolinl-Vitcnsc  (1981) has

comprchcnsivcly  reviewed the effcctivc temperature scale and the di~lcultics  associated with

mcasuri  n.g stellar effective temperatures.

The (1? – V). colors of hot stars bccomc degenerate for stars earlier than approximately

09, and hence the (B – V)O colors alone are not sufllcient  to yield accurate effective tempcra-

i,ures for the hottest stars in the associations. llowcver,  the (U – B)O colors provide a better

discrimination among the hotter stars. l’hcrefore  we have chosen to make usc of both the

(U – B)O and (B – V)O colors in determining the effective temperatures of the hottest stars.

‘J’hc reddening free parameter, Q, provides a useful combination of the two colors for use in

calculating effective temperatures. The advantage of using Q is that any errors in the individual

values of E(I1 – V) and Au which were used to dcreddcn each star will not aficct the cficctivc

temperature calibration, provided, of course, that the correct reddening law was used.

The calibration of Q versus effective temperature was derived by using the intrinsic. colors of

Schmidt-Kaler  (1982) combined with the color/eflectivc  temperature relationofIJlower(1977).

Since the U observations do not extend to magnitudes as faint as do the 11 and V observations,

some of the fainter main sequcncc  stars will have either very large photometric errors in U

(whi]c still having relatively small 11 and V errors) or no U observation at all. For these stars,
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wc ha.vc no choice but to usc the (11 — V) colors alone to determine tllc effcctivc t.emperaturcs.

‘J’hc holometric  corrections were derived from l’]owcr’s (1 977) effective I,empcrature-bolomctric

correction relations. Tab]cs 4 and 5 disp]ay the resulting co]or/cfrcctive  temperature and efrcc-

t,ivc tmnperature-bolomctric  correction relations, respectively, for different ranges of intrinsic

(11 -- V)O color.

It, should bc noted that Conti CL al. 1986 and Garmany  et al. 1987 have rcccntly  suggested

that the intrinsic colors of LMC and SMC O and 11 stars may bc diflcrent  from those of Galactic

stars. ‘J’]lis would not bc surprising, since the metal abundances of I,IL4C and SMC stars

arc lCSS than Galactic stars, and this might be expected to influcncc the energy distribution

of the emergent flux. If the intrinsic colors are different, then the application of a Galactic.

color/effect.ivc  temperature calibration would lead to systematic errors in the assigned effcctivc

temperatures. However, these same authors (Conti  et al. 1986 and Massey et al. 1989b)  have

also pointed out that the apparent discrepancy between the intrinsic colors of Galactic and

Magcllanic  Cloud OIJ stars may be due to errors in the Galactic calibration. The intrinsic

colors used by Massey and co-workers are those of Fitzgerald (1 970). The intrinsic colors used

here (Schmidt- Kaler  1982) are based in part on the work of l~itzGerald.

‘J’he final step in the transformation to the theoretical plane is to apply  the correction for

the distance modulus. The  final bolometric  magnitude for each star is given by

rw~o( = V. -- (7JL – f14) + I)C, (2)

where (m – M) is the distance modulus (18.5 mag for the I.MC and 18.9 mag for the SMC).

I’igure 15 shows the theoretical 11 IL diagram for NGC 465 after applying the effective tem-
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pcrature  and bolomctric  correction conversions of ‘1’ables 4 and 5. ‘1’hc  main sequence is quit.c

evident in the plot.

‘] ’hc faint  stars whic]l are not on the main sequence are not supcrgiants,a,nd  thcrcforc  the

bololnctric  corrcctiolls  clcrive(l  fortllcsc stars  will xlotbc  correct.  ‘J’hcse starswillb  cprimarily

giant stars.  ‘J’llc difl’crencc  bctwccn  thcsupergiani  and giant effcctivc tcmpcraturc-bolomctric

correction rc]ations  is typically about 0.1 mag, in the sense that the corrections app]icd here

arc too small.  ‘1’he bolometric  magnitudes for these stars should therefore be about 0.1 mag

brighter .  IIowcver,  tllcsestarsa  rcnotinc]udcd  iTltllc  dctcrI~lil~atiol~  oftllcll~ass  fu1~ctio1lsa1~d

thus any error made here will  have noinflucnccon  the derived mass functions.

A much more significant error can arise from the strong dcpendcncc  of bolometric  corrccl,ion

on the cffecti ve temperature for hot stars. When combined with the strong dcpcndencc  of the

effective temperature on the intrinsic stellar colors, and the degeneracy of these colors for the

hot test stars, it is possible to make .Iargc errors in assigning bolomctri  c corrections to these

stars. l’or example, the bright stars have colors which are accurate to better than +0.03  msg.

l;rrors  of this size result in errors of +0.05  in log?~~j  and 4:0.25 mag in l] C’. The problem is

lnore serious for the fainter lower main sequcncc stars, which have larger errors. A typical lower

main scqucncc  star might have (1~ - V )O = –0.10 + 0.10 msg. ~’hc equations in Tables 4 and

5 give log?~~~  = 4.07 and BC = –0.63 msg. If the true color of the star is (l) – V)o = –0.20

mag,  then the errors will be +0.20 in log 7~fj  and – 1.19 mag in BC, rcspcctivcly.  On the other

hand, if the true color is (11 – V). = 0.0, then the errors will be –0.09 in log?~fj and +0.38

m ag in l~L’, respective] y. I’hc errors arc not symlnet  ri c; lnuch larger  errors arc made  wlicn t hc

obscrvationally  determined stellar colors arc Mum than the true colors than when the observed

colors arc too red. If the (11 -- V)O error is as large as --0.20 mag, the errors will bc +0.44 ill
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log ?~j~ and –2.60 mag in lIL’. l’;rrors of this size can .stroI1.gly  afrcct tllc mass function which

is derived from the data (see $IVC).

IV.  MASS FUNCTIONS

a) l)cfinitions

IIcforc deriving the mass functions for the associations, it is useful to introduce some defini-

tions  wl~ich will help to avoid confusion when comparing i,hc results ])rcscntccl  here with other

work. ‘J’hc observed data call  bc used to construct a present day lnass function (1’I)M II’) whic]l

is related to the IMF  by the star formation ral,c. If wc define the ]’l)h41’,  A~(f14),  as the number

of stars observed pcr unit mass in a given vo]umc, then the 1’l)Ml~ can bc cxprcsscd as

‘r

~(M) = J.,.ZIO,T-TI(M)I ((M, Z,t, . . .)v(i)dt, (3)

mass function, is the number of stars formed pcr unit masswhere ((M, Z, t, . . .), the initial

pcr unit l,imc  in a given volume. V(t)  is the star formation rate, which is the IIumbcr of stars

formed pcr unit time in a given volume, ~ is the time elapsed since the formation of the first

stars, and ~l(lkl)  is the lifetime of a star of mass M .

in genera], ( may bc a function of mass, metal abundance, time

rcprcscnting  t,hc physical conditions in a star-forming region. IIowevcr,

is assumed that the IMF is independent of metal abundance, time and

is a function of mass only. These

region, such as a star formation

equation 3 bccomcs

assumptions may come close to being

and other parameters

in most applications it

other parameters, and

satisfied in an isolated

event in a sing]c lnolecular cloud. Under tllcsc conditions,

N(M) = c(A4)/ !l(t)di. (4)
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I~inaJly,  if we make the furi,ller assumption that all of the stars forlnccl at the sarnc time,  wc

have

N(A!f)  = (( A4)W, (5)

where W is now a scale factor representing the total  number of stars wliich  formed in the event.

Alihough  the assumption of instantaneous star formation cannot be strictly true, it may be

valid if the duration of the star formation event is short  compared to stellar Ii fctimcs.  Under

these assumptions, the 1’l)MF is proportional to the lMF over the range  in mass spanned by

the observed stars. Of course, the P1)M1’ can give no information concerning the IMl+’  for stars

more massive than t hc most  massive remaining stars.

Although the IMl~ may be a function of metal  ahrndancc,  all of the stars in a given as-

sociation will have formed from one molecular cloud (or perhaps two if star formation was

precipitated by a collision between two clouds). l’hcrcforc,  the mctallicity  of the stars should

bc C1OSC to uniform, provided that star formation had ended by the time the most massive stars

evolved to become supernovae. Despite this, the possibility of a non-coeva]  population must be

considcrwd in the interpretation of tllc mass functions.

Many previous studies yield the slope of the lMl~ as a lnajor  result. This slope refers to a

power law parametrization of’ the 1 M1’. With  this ]~aral]~ctcrizatiol~

((M) == AJ4’ (6)

lkcently,  it has become common to adopt the notation of Scalo (1986), and to employ a

logarithmic lhfl~  of the form

((log A4) (X A41’, (7)
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w]icrc &(log .&f) is the number of stars formed pcr unit tilnc pcr unit logarithmic mass interval

dlogkf  in agivcnvo]umc.  With  tllis])aralnetcrization,  tl~eslo]~c oftl\e IMI'is

,, =, dlo.g((log  J4)
cllog  M “

(8)

Wc will adopt this form and slope for the IM1’ in tllc discussions to follow. ‘1’llc two rcprescri-

tatio~ls of the lMII’  arc related by i,hc scale factor li41n 10 and ]lcnce t]lc two s]opcs arc related

l)y ~ =. 1’- 1. Using this ]Iotation,  the classical SaJpctcr (1955) IMh’ has a slope of 1’ = –1 .35.

b) A’volutioTtury  Y’rucks

III or-dcr to construct the 1’lIM l’, the positions of stars in the theoretical 111/  diagram must

bc compared with evolutionary tracks dcri vcd from t hcorctical  modc]s of stellar evolution.

Many different sets of models exist in the literature. IIowcvcr, until reccnt]y, most rnodcls

did not inc]udc the effects of convective overshoot and mass loss. “J’hc importance of including

collvcctivc ovcrshooi,  in the calculation of modc]s of intermediate and high mass stars has been

demonstrated rcccnt]y  in many observational and thcorctica]  studies (Mcylan and Macder  1982,

Macdcr  and Meynct  1982, 1987, 1989, IIcrtclli CL al. 1984, 1985, Chiosi  et al. 1986). Clliosi and

l’igatto  (1 986) and dc l,oorc  (1988) discuss the practical diffcrcnccs bctwccn classical modc]s

and t,hosc  which include overshoot. ‘J’hc cflccts of mass loss on the cvo]ution of xnassivc  stars

and the difference bctwccn classical models and tliosc which inclrrdc  mass loss arc fully rcvicwcd

in Chiosi and Macdcr  (1986).

We liavc chosen to usc the evolutionary tracks of Macdcr and Mcynct  (1987,1 988) bcc,ausc

they arc tllc only homogeneous set of tracks covering the rarlgc  of masses ofintcrcst  to this study

which inc]udcs both the effects of convective ovcmlioot al~d mass loss. ‘J’hcsc  tracks arc showli



in l’igure  16. ‘1’hc distance of convective overshoot used in Lhcsc models is d = 0.2511P,  where

111,  is the pressure scale height of the classical core. ‘J’hc mass loss rates used arc taken from

the pararnctcrizations  of de Jagcr et al. (1986,1988). Unfortunately, the models arc computed

for stars with abundances of (X, Y, X) = (0.70,0.28, 0.02), which are appropriate to Population

1 stars in the Galaxy. h40re appropriate values for the metal abundances of the LMC and SMC

are Z = 0.01 and Z = 0.002, respectively (Lcqucux  et al. 1979, IIufour  et al. 1982, Dufour

1984). Brunisll  and Truran (1982) have shown that the efrcct of a decreased metal abundance

is to shift the evolutionary tracks  to higher tcmpcraturcs and slightly higher luminosities at

a given stage of evolution. IIowever,  their models did not include the effects of convective

overshoot.

Figures 17-30 show the theoretical H]t  diagrams of the associations observed in this study

with the theoretical evolutionary tracks of Macdcr  and Meynet (1987, 1988) superposed. The

filled circles denote stars with the best  photometry (o = ~o~,  +- u~v <0.05 mag),  open circles

for stars with intermediate precision (0.05 < 0 < 0.10 ma,g), and plus signs for stars with

the largest photometric errors (cJ > 0.10 mag).  ‘1’he dashed lines which extend from the blue

cnd of each evolutionary track to higher efI’ectivc  temperat urcs dcmonst rate the efrecl,, in the

theoretical plane, of decreasing the (l) – V)O color of a star whi]c keeping the 1~0 magnitude

constant. These lines will prove useful in constructing the mass functions (see \lVc below). ‘1’hc

dashed curves near the bottom of each figure, extending across the entire range of log(?’cfj),

are drawn parallel to the complet.encss limits of the data. ‘1’hcy  are, in fact, the transformation

to the theoretical plane of the dashed lines at the bottoms of tllc color-magnitude diagrams

])rcscnt,cd in l’apcrs  1 and 11. There is, in general, very good agrccmcnt  between the location

of the lnain sequence defined by the data and tllc evolutionary tracks, which implies that the
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transformations used to map the data from the observational to tllcorctical  planes arc reasonably

accurate.

c) Mass Functions For Magellanic Cloud Associations

The ideal method  of constructing the PI)M1’  from the data would be to assign a mass to each

star based on its position in the theoretical 11 IL diagram. In practice, the assigned masses may

not k very meaningful because of the observational errors, uncertainties in the transformation

to the thcorctica]  p]anc,  and uncertainties in the accuracy of tllc theorctica]  models used to

produce the evolutionary tracks.

In practice, a more reliable method is to bin the data in mass bins defined by the evolu-

tionary tracks. All stars lying bet,wccn two given evolutionary tracks are assigned to the bin

corresponding to the range in masses spanned by the tracks. in this way, small errors in the

placement of stars in the theoretical IIR  diagram have very liti,lc  effect on the derived mass

functions. Errors in the location of stars arc only important when they result in stars being

assigned to the wrong mass bin.

Wc have constructed the 1’DM}I’s  by counting the number of stars bctwccn  each pair of

evolutionary tracks, and dividing by the quantity log(A4U/J4~,  ), where  M[J  and J41,  arc the

masses corrcspon  ding to the higher and lower mass evolutionary tracks, rcspcctivel  y. To give

a direct comparison of the different associations, it is also necessary to divide by the volume

containing the observed stars. Since the volumes are unknown, this scale factor is not included.

IIowever,  it will still be possible to compare the slopes of the mass functions, since the differing

scale factors do not affect the slopes.

Many of the stars in the theoretical HR diagrams lie outside the regions which arc covered by

the evolutionary tracks, and it is important to include these stars in tllc ap])ropriate  mass bins.
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in particular, many starsf  all to tllc blucof  the ZAMS, presumably CIUC totlic  combination of

photometric errors, errors in the color CXCCSS,  and errors in the transformation to the thcorctica.1

pla,nc.  Most ofthcse  stars arcs tars which llaverelativcly  largcpllotonletric  errors  (rc}Jrcsc1~ted

by plus signsin  the plots).  “J’hercforc,  it seems reasonablcto assumcthat  they fall tothebluc

of t,hc 7,AMS bccausc  of phot,ornctric  errors in V or 1) (recall that the {1 magnitudes arc not

used in the transformation to the thcorctica]  plane when the U errors arc large; scc Tab]c 4).

Stars will appear to the blue of the ZAMS when the stellar (B -- V)o  colors  arc bluer than

the (11 – V) color of the ZAMS at the same VO magnitude. ‘J’hcsc stars  will I)c assigned a

value of log(7~ff)  and a bolometric  correction which arc too lar,gc,  resulting in a displacement

parallel to the dashed lines on the plots. As discussed in ~111, an error in (}1 – V). of -0.10

mag  can result in an error in the bolometric  correction of –1 .19 msg. On the ot}lcr hand, an

error in VO propagates directly into an error of the same

Thus, errors in (1) – V). are much more important in the

size in ~bOl,  according to ]~quation 2.

transformation from the observational

to theoretical planes. Also, since the evolutionary tracks used to define  the mass bins are 1 –2

magnitudes apart, errors in VO alone will not result in many stars being placed in the wrong

mass bin. ‘J’hcrefore, in order to assign stars to the blue of the ZAMS to a mass bin,  wc will

assume that these stars suffer only from errors in (11 – V)o. With this assumption, the dashed

1 incs which extend  from the blue end of each evolutionary track can be used as “extensions”

of the evolutionary tracks for the purposes of constructing the mass funcions. Stars which lie

to the blue of the ZAMS arc placed in mass bins appro])riatc  to the pair of evolutionary track

“cxtcn sions”  they  fall  bctwccn.

Many of the faintest, ]owcr mass stars arc evolved stars which arc either foreground Galactic

sl, ars or belong to the background population of the I,MC or SMC. Non-main scqucncc  stars
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with i’v1601 > —5.0 and log(?~fj)  s 3.9 arc almost certainly not members of the associations

being studied. ‘1’hcrefore,  these stars are not included in the mass functions.

‘]’his still leaves some bright non-main sequence stars which might be either foreground

Galactic stars, or supergiant  stars which arc in fact members of the associations. The most

striking case is 1,11 111, which contains a large number of red supcrgiants  (SCC Figure 23).

‘J’hcsc  stars arc certainly members of the association and should therefore bc included in the

construction of the mass function. in order to discriminate between foreground Galactic stars

and association members on a case-by-case basis, it would hc ncccssary  to obtain spectra of

these stars to estimate their luminosities, or assign radial velocities. In the absence of these

data, it is still possible to dctcrminc  whether or not these stars are likely to be foreground

GaJactic  stars, by using the foreground contamination predictions of Ratnatunga  and Bahcall

(1985). These predictions indicate that almost all of the stars with (B – V)o z 1.3 mag  are

likely to be association members (i. e., red supcrgiants),  while most of the stars with colors in

the range 0.0 < (11 – V)O < 1.3 mag arc foreground stars. ‘1’hcsc  stars have been inc]udcd

or excluded from the mass functions accordingly. Many of the red supcrgiants  lic beyond the

extent of the evolutionary tracks (i. e., they have cffcctivc temperatures cooler

by any of the evolutionary tracks). ‘J’hcse stars were assigned to mass bins by

horizontal parts of the evolutionary tracks to cooler cffectivc temperatures.

han prcdictcd

extending the

‘1’he mass functions arc displayed in Figures 31-44 and are tabulated in Tables 6 and 7. The

error bars represent m where N is the number of stars in a given mass bin. l’he lines in the

plots represent least-squares fits to the data over the range in masses spanned by the lines.

An examination of the mass functions indicates that a simple power law may not bc a

suit able paramctcrization. Most of the mass functions appear to change in slope at about
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10J4~;  t,hc mass functions arc stccpcr  at high masses than at low lnasscs. ‘1’hc  slopes of the

mass functions have therefore been calculated for two different ranges in mass, and arc presented

in Table 8. The slopes for the most massive stars (A4 > 91140) arc listed in column 2, while

column 3 gives the mass function slope over the larger ranges in mass listed in column 4. The

errors in tlic slopes arc the formal errors derived from the wci,ghtcd  least-squares fits. We discuss

below the issue of whether the apparent change in slope at M N 10MO is real or an artifact of

the data.

‘1’here arc many factors which may result in errors in tllc slopes of the mass functions. Such

errors will result whenever stars arc assigned to incorrect mass bins. IIowevcr, any symmetric

error which merely exchanges equal numbers of stars between bins will not affect the calculated

slopes. The slopes will only bc affected if errors result in a systematic shifting of stars among

bins. The nature of the transformation from the observational to theoretical planes is such that

random  errors (e.g. photometric errors) can result in a systematic error in the manner in which

stars arc assigned to mass bins.

It was demonstrated in ~111 that the photometric errors associated with the bright stars

should result in errors of no more than +0.05  in log(l~.j)  and 4:0.25 mag in tllc bolomctric

correction, and hence also in _MM. Since the evolutionary tracks which define the mass bins

arc 1–2 magnitudes apart, these errors should not result in many stars being assigned to the

wrong bin. IIowcver,  Massey et al. (1989a,b)  have claimed that the colors of the earliest-type

stars cannot be used to accurately determine cffcctivc tcrnpcraturcs and bolometric  corrections

for these stars. In their study of NGC 346 in the SMC (Massey et al. 1989 b), they found that

when photometry alone was used in the transformation to the theoretical pla.nc,  the slope of

tllc IM1’ was incrcascd  to 1’ = –2.5 from the value of –1 .8. ‘J’hc latter value was obtained by
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using spectroscopy to position l,hc llottcst  stars  on the tlleorcl,ica] [It diagram. ‘J’IIc i ncrcasc  in

slope is duc to the incorrect placcmcrrt  of many of the most massive (M > 251140)  stars into the

15 – 25A4@ bin. This does not, appear to be the case here. ‘]’wo pieces of cvidencc support this

claim. A look through the mass functions shows that there appears to be J1O systematic excess

of stars in the 15 — 25i’vf~  bin. ‘1’hc  numbers of stars in this bin seem to reflect the statistical

fluctuations cxpcctcd  and the 15 – 25A40  points lie approximately where they arc cxpectcd

from the linear pararnctcrizations  of the upper main sequence mass functions. Secondly, the

effect claimed by Massey  et al. resulted iia steepening of the slope of the lMl~ by Al’ N –0.7.

‘J’hercforc,  the slopes calculated llcrc shou]d be systematically too steep by this amount. On

the contrary, the slopes found here agree well with results obtained by other investigators for

both the Galaxy and the Magel]anic  Clouds using a variety of methods (see fjV). ‘1’}lcrefore,  wc

find no evidence for a steepening of the slope of the IMF due to a systematic underestimation

of the effective temperatures and bolometric  corrections of the hottest stars; the values of kfbOl

appear reliable to within the estimated uncertainties.

‘J’he photometric errors associated with t hc faint stars arc much larger and hence t hc errors

in log(Tejj)  and IIC are also larger. In ~111, it was shown that these errors are largest when

the measured colors are bluer than the true colors, with the result that these stars arc shifted

along trajectories parallel to the blue “extensions” of the evolutionary tracks marked on l’igurcs

17–30. In turn, this shift can move the stars with the largest photometric errors from their true

mass bins to higher mass bins. This in turn will result in a flattening of the mass functions and

may, in part, explain the change in slope of the mass functions at w 10MO. lIowevcr,  this eflcct

cannot be entirely responsible for this flattening of the mass functions. Only the faintest stars

will have photometric errors large enough to result in a significant shift of stars to higher mass
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bins. ‘1’hcsc  stars arc designated  by I)lUS signs in l’igurcs  17-30. ‘l’lie  figures sliow t.llat ]nost

of l,hcse  stars fall into the 2.5 – 3J140 and 3 – 5Ll@ bins. ‘J’hcrcforc, only l,hcsc bins, and to a

lesser extent, the 5 – 7J40  bin should bc affected, while the numhcr  of stars in the 7 – 9Lf0 bin

should bc a true reflection of the number of stars  in this mass range. Thus, the flattening of the

mass function at w 10kfO appears to be real. Ilowcvcr, the S1OPCS listed in column 3 of ‘l’able 8

will bc affected by the large photometric errors associated with the faint (i. e., low mass) stars.

Since ihc low mass bins are given the most weight in the calculation of the slope, these slopes

should bc viewed skeptically, given the uncertainty in the placcmcnt  of stars in these bins.

It has already been shown that an extended period of star formation will result in a I’llMlr

which is steeper than the IMF.  Under these circumstances, the I) I) Ml’ for massive stars should

be steep and should become flatter at a mass corresponding to stars with  main sequence lifetimes

equal to the time elapsed since the beginning of the period of star formation. There is some

evidence that star formation did not occur instantaneously in the associations studied here. ‘l’he

rcd supcrgiants  found in several of the associations arc not always the most massive stars in the

associations. ‘1’his implies that either (1) star formation has occurred over an extended period

or in multiple episodes, (2) the bolometric  corrections for the red supcrgiants  arc systematically

too small, or (3) the evolutionary tracks at advanced stages of evolution are systematically too

bright. The most compelling reason to believe that the first hypothesis is correct is that the

rcd supergiants are sometimes the most massive stars  in the associations, while in other cases

they arc not. in some associations (e.g. 1,}1 111), the red supergiants span a range in initial

mass from N 12i140 up to almost 40114~. ‘J’here  are also stars which arc slight]y evolved ofl

the main scquencc  spanning the same range in mass. ‘J’hcrefore,  it seems very like] y that star

formation in 1,11 111 occured  over an extended period. Also, the second and third hypotheses
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would require very large  errors in either the bolomcl,ric  corrections or the calculation of tlic

evolutionary tracks  (some of the red supcrgiants  lic as much as 2 mag below the evolutionary

tracks  of the most massive main sequence stars in the associations). It seems unnecessary to

invoke such large errors given the likelihood t.h at star formation has, in fact, taken place over

an extended period.

Can extended star formation explain the change in the slope of the I’llMl’  at w 10J40

which is seen in many of the associations? The problem with this hypothesis is that it would

require that star formation commcnccd  at the same time in all of these associations. ‘1’his is

very unlikely. If extended periods of star formation were responsible for tllc changes in slope,

we would expect to find this change occurring at different masses, depending on how long ago

star formation began in each association.

‘J’hc population of the lowest mass bins is somewhat uncertain, due to incompleteness and

errors in the transformation from the observational to thcorcti  cal planes. Iiowever,  these un-

certainties should not have a large effect on the 5 – 7hf0  and 7 – 9A40 mass bins, and hence the

reality of the change in slope at N 10kfo  seems likely. As mentioned above, the uncertainties in

tl~c numbers of stars in the lowest mass bins make t}ic slopes calculated using these bins very

uuccrtain. Therefore, in tlic discussions to follow, all references to mass functions will apply to

masses greater than 1 OJIO.

‘J’he slopes of the mass functions for the I,MC associations range from -1.2 to -2.5, with

an average of 1’ = –1 .84 + 0.5. ‘J’hc SMC S1OJJCS  cover a wider range, but this is due to the

very steep slopes found for N 24 and NGC 376. As discussed in ~11, N 24 is a complex region

which has probably undergone star formation over an cxtcndcd  period. If the duration of star

formation is comparable to tile agc of the association, tllcll  the }’Ilh41~ will not be equivalent



to the IM1’. Furthermore, it is not possible to derive the lMII’  fro]n the I’l)M 1’ under these

circumstances without making assumptions about the star forlnation  IListory  of the association.

NGC 376 is the oldest of the associations studied and, hence, the P1lMII’  sloJm  calculated for

M > 9M0 is based on only three mass bins. Furthermore, the steep value for the s]opc depends

heavily on the low number of stars in the most massive (15f140 < A4 < 25 MO) bin. ‘1’hcreforc,

the calculated slope for this association should bc considered to be very uncertain. If we ignore

these two associations, the average S1OPC of the mass function for the SMC associations is

1’ = –2.26 + 0.3, with a range of -1.8 to --2.5.

‘1’hcse slopes apply strictly to the l’l)Ml~’s and not to the IMII’. in order to derive the IMF

from the I’l)MF, it is necessary to either assume that star formation occurcd instantaneously

(or, in practical terms, over a short period compared to the ages of the associations) or to

make assumptions concerning the star formation history of the associations. It is clear that

the assumption of instantaneous star formation cannot be true. However, making ad hoc

assumptions about the history and rate of star formation would seem to be even more risky.

We arc therefore left with no simple means of converting the l’DMII’ to the IMII’.  IIowever,  in

calculating the slope of the I’DMII’, the largest weights arc assigned to the lowest mass bins,

where the effects of an extended period of star formation should be smallest. Therefore, wc

tentatively equate the IMF to the l’DMl’,  with the understanding that the slope of the IMF

may be slightly shallower than that of the PllMII’.  Note,  however, that the presence of an

unknown number of binaries and unresolved stars will tend to make the observed l’l)Ml~ (and

hcncc IM1’) shallower than the true 1’DM II’. ‘J’hesc

Given the large uncertainties in the calculation

apparently no strong evidence that the slope of the

two eflccts operate in opposite di rcctions.

of tllc slopes of the mass functions, there is

lMII’  varies from one association to another.
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Also, tllcrc  CIOCS not ap])cxtr  to be a. significant difference Lctwec]l  the slopes of tl]c lM 1’s of

associations in the LMC and those in the SMC. “1’hcreforc,  it appea,rs that mctallicity  does not

have a strong effect on the slope of the IM1’, at ]east over the range in metal  abundances of the

associations (0.002 s Z < 0.03). ‘J’he overall average slope of the IMlr for the LMC and SMC

associations is 1’ = –2.0 4: 0.5 for 14 > 9A4~.

V. T1313 INDIVIDUAL ASSOCIATIONS

We consider here the properties of the individual associations before

to previous studies in $V].

comparing our results

Lll ~.--l,}l 4 is a rather isolated association in the northwestern part of the I, MC. The

CM diagram for I,H 4 (see Figure 16 of Paper 11) shows a prominent main sequence with no

bright evolved stars. l’hc  number of red stars found with (B – V) >0.5 mag is consistent with

the predictions of Ratnatunga and Bahcall (1985) for the number of Galactic foreground stars.

‘J’hc fainter red stars are likely part of the I,MC field population. ‘J’hc theoretical }]]{. diagram

(Figure 17) shows that the most massive star in the association has a mass bctwccn  60 and 85

JIO.  ‘J’he cxistcncc  of such a massive star implies that the association is only 3--4 M yr old.

1,11 5~.---I,lI 54 is located in a region containing several 11 11 regions and star-forming

complexes in the northern part of the I, MC. The association lies within the filamentary H 11

shell N 51 D, which in turn lies on the edge of the supergiant  shc]l  I,MC 4 (Goudis  and Mcaburn

1978). Chu and MacI,ow (1990) and Wang and Helfand (1991) have studied the x-ray emission

which is centered on the association and find that modc]s  of wind drivcnl bubbles  filled  with hot

gas cannot reproduce the observed x-ray luminosity. Instead, it is likely that the association

contains an unseen supernova remnant which is responsible for tile x-rays. If this is the case,

then the true IMII’  for the association should include at least one star more massive titan tliosc
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prcwt]y  observed.

The bright  yellow star at (B – V) N 0.65 mag in the CM diagram (SCC Figure 17 of l’apcr

11) is probably a Galactic foreground star and hcncc has not been included in the calculation

of the mass function. The most massive stars in the association are w 40Lf@ (Figure 18) and

hcncc the association is lCSS t,han 5 Myr old,

1,11 58.—I,H 58 is located in a complex region containing

associations (LH 61 and 1,11 64 arc nearby). ‘i’hc CM diagram

18 of l)aper  11) shows a well-defined main scqucncc. I’hc bright

several II 11 regions and other

for this association (see Figure

yellow star with V w 11.2 mag

and (IJ — V) N 0.6 mag is probably a member of the association but the somewhat faint.cr star

at V w 13.1 mag and (B – V) N 0.5 mag may be a Galactic foreground star. The latter star

has therefore been excluded from the c~culation  of the slope of the IMF. ‘l’his exclusion makes

no difference to the calculated slope, since the star would have been placed in the 7 — 91kf@  bin

(SCC Figure 4.19).

Llf 83. —1,}1 83 (NGC 2030) is onc of the northernmost associations in the I,MC and is

located in an 11 II region, part of which is even visible in the V image of the association (see

l’igurc 1 d of l’apcr  J). The CM diagram for 1,11 83 (SCC l’igurc 19 of ]’aper 11) shows a well-

defincd  main sequence. l,ucke and llodge  (1970) classified this association as doubtful, but

the CM diagram definitely confirms it as a young object containing massive stars. l’hc most,

massive stars in the association arc close to 60M0  (Figure 20), which imp]ics an age of less

than 4 Myr. Also, the supernova remnant SNIL 0530 -66.0 is located within the boundaries of

t.hc association. Shul] (1983) finds an age of 0.5–2.0x104 yr for the remnant, depending on the

expansion speed and geometry.

1,1187.--1,11 87 (NGC 2048) is located to the southeast of tllc star cloud 1,11 96 in a region
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containing several other associations. ‘1’hc 1111 region N 154 cncloscs  both 1,1{ 87 and tl]c IIcarby

association 1.11 81. ‘l’lie  optical appearance of l,llc  association (see Figure 1 c of l’apcr  1) suggests

a ring-]ikc structure, whic]l was noted by Luckc (1974). A study of tlic reddening of the stars in

l,hc association shows that differcntia]  reddening is not tlIc cause of the ring-shaped morphology

(1’a])cr 11).

])cspitc  being rat.llcr sparsely populaicd,  tllc CM diagram (SCC I’igurc 20 of l’apcr  11) shows

a strong main scqucncc.  ‘1’hc  theoretical 111{ diagram (1’igurc 21) shows several stars ahovc

40 fi4@j. Since there arc no evolved stars, this ]nust bc a very young object (S 3 h4yr).

1,11 93.–-1,11 93 (NGC 2050) is part of a much larger star-forming complex (1,11 96) in the

eastern regions of tlic I, MC. l’hc  V image of the association (see l~igurc  If of l’apcr  1) shows

it to bc very densely populated, although not conccntrai,cd into a tight cluster. l’hc supernova

remnant SNl~ 0543 -68.9 is located nearby but  is probably not part of the association.

‘J’hc very tight main sequence seen in the CM diagram (SCC 11’igurc 17 of l’apcr  I), before the

effects of reddening have been removed, dcrnonst  rates that differential reddening is unimportant,

even though the total amount of reddening is among the largest of all the associations in tllc

sample. ‘J’he theoretical IIIL diagram (Figure 22) shows a large number of stars extending to

above 60J40.  however, there arc 3 rcd supergiants  which appca.r  to bc about 25A40.  l’llcir

existence, combined with ages determined from the cvolui,ionary  tracks of M acdcr and Mcylan

(1988), implies that the star formation process must have occurcd  over a timescalc  of at least

2-5 Myr. This is not surprising since the association is part of a larger star-forming complex.

I,lf 111---- 1,11 111 is one of the bright blue globular clusters ill the I, MC. It lies to tile

soutl]cast  of 30 l)or within the supcrgiant  shc]l  I,MC 2 (Goudis  and Meaburn  1978).  ‘J’hc

stclla,r density at the ccn!,rc  of the object is sucli  that the photometry bccoIncs  incolnp]ctc
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at magnitudes fainter than V N 16.5, a much brigl~ter  lilnit than  is acl~ieved for tl~c other

associations studied here.

2’he CMdiagramforl,H  111 (see Figurc220f  l'aIJer lI)sllows  ariclilnail~  scquel~cca1ld2O

red supergiants.  This is a much larger population of rcd supcrgiants  than is observed for any of

the other associations. The theoretical HIL diagram (IJigurc 23) shows most of these stars have

masses in t hc range 15–25J40.  There arc also several stars of si milar  masses which are currcntl  y

cvolvi ng off the main sequcncc. ‘J’hc  evolutionary models of Maedcr and Mcynct (1988) indicate

that these stars have ages of 7-15 Myr.  It is therefore likely tllfit star formation has occurcd

continuously over 8–10 Myr rather than in onc or two discrct,e  bursts. ‘J’his  hypothesis is in

disagrccmcnt  with Lce (1990), who favours two star formation episodes, at epochs 8 + 3 and

18 + 10 Myr ago, based on fits to theoretical isochrones. McGregor and Hy]and (1984) also

deduce an age spread of w 8 Myr, based on the spread in the luminosities of the red supcrgiants.

N 24. —-N 24 is in a complex region which contains mom than onc ccntrc  of 11 11 emission

(SCC l’igurc  1a of McCall  et al, 1990), and there is at least onc supcrnovc  remnant contained

within t,hc association (Matthcwson  and Clarke 1973).

2’IIc  CM diagram (SCC Figure  23 of l’apcr  11) is qualitatively somewhat different from the

other associations. Although there is a wcl]-defined main scquencc, tllcrc arc many more stars

with 0.0 ~ 01  — V) < 1.0 mag and V N 15 mag than t}lcrc  arc in other associations. ‘1’here

arc more stars in this range of colour  and at this magnitude than predicted from estimates

of the Galactic foreground population (Ratnatunga  and IIallcall 1985). The  theoretical 11 It

diagraln  (1<’igurc  24) shows that these stars have masses in i,hc range 7 – 10A4@, provided they

arc legitimate SMC stars. These stars, as WCII as the red supergiant  with ~60~ N –6.4 mag  and

log!i~jj N 3.6, have been included in the construction of tllc mass fuliction.  ‘1’hc  most massive



main sequence stars arc ~ 25140, and llcnce have ages of S 8 Myr, while the evolved stars arc

30--50 Myr old. Thus, the region clearly has a complicated star formation history.

NGC 249 and NGC 261.–- NGC 249 and NGC 261 are located in the southwestern part of

tllc SMC, approximately 5 arcmin  apart.

‘J’hc main scqucncc  of NGC 249 is not as prominent as in most of the other assoc.ia.tions

(see l’igurc  24 of Paper 11), but there arc two bright  supergiants,  which arc likely members of

the association. The theoretical lilt  diagram (Figure 25) suggests that these  stars have masses

of 12--1514., indicating an agc of 12–18 Myr. ~’hc two most massive main sequence stars have

masses Al > 25A4@  and therefore have ages of less than 8 Myr. This may indicate more than

one episode of star formation, but there are very few stars  in the association, which makes it

difhcult  to draw any firm conclusions.

The CM diagram for NGC 261 (see Figure 25 of Paper 11) shows that the association

is more populous than its neighboun, and there is one red supergiant  among the association

membership. The theoretical lilt diagram (Figure 26) indicates that this star has a mam of

w 25i140,  a~though this is somewhat uncertain because its (11 – V). colour is redder than

the limits of the colour/cfi’cctivc temperature calibration, thus making the inferred bolometric

correct ion very uncertain. ‘J’hc most massive main sequence stars arc w 40?140, whit]] indicates

that  the association is <5 Myr in age.

NGC 376.—NGC 376 is a ‘(blue globular” cluster, similar in structure to LH 111 in the

I, MC, although not quite as rich. ‘J’hc main sequence (see l’igure 26 of Paper II) extends to

V--J 14.9 which is a fainter limit than the other associations. IIowcvcr,  the association is

comparative] y rich in su pergiants. ‘J’here are 9 stars brighter tlIan tllc tip of the main sequence.

I’hc theoretical lIR diagram (I~igure  27) shows that tile association is probably coeval, since
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tlLc supcrgiants  are similar in mass to the most massive main sequcncc stars. ‘J’hc age of the

association is approximately 10 M yr.

NGC 456, NGC 460 and NGC 465.---NGC  456, 460 and 465 form a star-forming complex

southeast of the main body of the SMC. ‘J’ester and Lortct  (1987) and Lortet  and Tester

(1 988) have suggested that NGC 456,460 and 465 arc an example of sequential star formatio]l,

wit])  NGC 456 being the youngest in the scqucncc. “J’his hypothesis is based primarily on t]ic

increasing amount of nebulosity  and stellar density in going from NGC 465 to NGC 460 to

NGC 456.

‘J’he colour  excesses for the three associations increase with the increasing ncbulosity  from

N GC 465 to NGC 456, but the CM diagrams (see Figure 27–29 of Paper 11) and the theoretical

lIR diagrams (Figures 28–30) do not necessarily support the sequential star formation hypothe-

sis. “J’here are two evolved supcrgiant.s  in NGC 456 which apparently have masses of 12–15h40.

‘J’hcse  stars are less massive than the, most  massive main sequence stars in all three am.ociations

(all three contain stars in the 25-40A4@  mass range). It seems more likely that star formation

has occurred simultaneously in each region.

VI .  COMPARISON WITH OTHER WORK

a) The h!agcllanie Clouds

llarly investigations of i,hc IMF of the Magcllanic  Clouds were made by Lequcux  (1 979a),

l,equeux  et al. (1980), Dennefeld and “rammann (1980), Vangioni-Flam  (1980) and IIurnp})rcys

and McElroy (1984). Scalo (1986, 1987) has comprehensively reviewed the status of our knowl-

edge of the IMF up to 1985. The primary result of these studies is that the IMF for the most

massive stars in the Magcllanic  Clouds is similar to the Galactic massive star IMII’. IIowcvcr,

tllcsc studies were limited to only the very brightest stars (based primarily on tllc surveys of
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Sandulcak  (1968,1969), Azzopa]di  and Vigncau (1975,1977), IPcl]rcnbach  et al. (1976), Martin

et cd. (1976), and Rousseau et al. (1978)). Most of these stars  arc supcrgiant

uncertainties in the masses of these  stars are large. It is also very difficult

1’IIM l’s obtained in these studies, due to the effects of evolution.

and hcncc

o interpret

he

he

More recently, several investigators have attempted to derive the slope of the IMF by study-

ing individual clusters and associations in the Magcllanic Clouds. ‘]’hc interpretation of the

1’I)MI’s is much simpler in these cases, if still somewhat uncertain. ‘J’hc mass range studied is

also greater because the observations cxtclld to fainter (lower mass) stars.

Matco  (1988) has used UIIV photometry of six young clusters in the Mage]]anic Clouds to

derive ]uminosity  functions and subsequently mass functions. ‘1’he  luminosity functions were

converted to mass functions using mass-luminosity relations derived from theoretical evolution-

ary models. Mateo finds that the IMFs  of all six clusters arc similar and the average slope is

1’ = –2.52 + 0.16 for 0.9Af@ ~ Al ~ 10.5A40. IIc also found some evidence that the s101}c  of

the IMI” is shallower at the high mass end, ranging from -1.6 to -2.1 for M > 3M@. Although

this slope is similar to the value obtained here for M ~ 9M0, there is cvidcncc that the slope

of the lMl~’  decrcascs  at lower masses, in conflict with Matco’s result. l’urthcr  study is required

to resolve this issue.

I,ce (1990) has followed Mateo’s work by deriving the IMl” for 15 Magcllanic  Cloud 1111

regions and young clusters. The method cmp]oyed is the same as that used by Matco  (1988).

I.CC finds that the slopes of the individual lMII’s  vary from 1’ = –1.0 to 1’ = –2.8. ‘J’he average

value of tl~c IM1’ for the objects studied is 1’ =: –1.7 + 0.5 over the range 3M0 ~ M < IOOMO.

‘1’his result agrees well with the IMI’ slope obtained here, despite the fact that very diflcrcnt

mctl~ods  were used to derive the mass fulictions.
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Cayrcl CL al. (1988) have derivcxl  the lMII’  of the compact young cluster  NGC 330 in tlic

SMC. ‘1’his cluster is the brightest of the “blue globular” clusters in the SMC, and was also

included in the objects studied by Matco  (1988) and Lcc (1990). Cayrcl et al. find 1’ = –1.2

for stars in I,hc magnitude

approximatcl  y 5 – 12J4@).

range  15.0 < V < 18.0 (this should corrcs])ond  to a mass range  of

]n contrast, Matco  finds 1’ = –2.4 3: 0.7 for 2.5i14Cj < J4 < IIlkfo,

whi]c l,ee finds 1’ = –2.1 3: 0.5 for the range 6A40 < M < IOM6).  All three studies used a

mass-luminosity relation to derive the mass functions, although diflcrcnt  cwolutionary models

were used in each case. ‘1’hc wide range  of S1OPCS found is a reflection of the large uncertainties

which arc associated with the calculations and interpretations of the data.

Massey and collaborators (Conti  et al. 1986, Garmany et al. 1987, Massey et al. 1989a,b,

l’arkcr  et al. 1992) have recently undertaken a large scale study of the most massive stars

in the Magcllanic  Clouds with the ultimate goal of det.crmining the shape of the IM1’. l’hcsc

authors have obtained spectra of the brightest stars in order to place them in the theoretical

HIL diagram, while using photometry for

evolutionary tracks (Macdcr  and Mcynct

the fainter stars.

1988) which were

2’IIc IMl~ was derived by using the

used here. ‘1’hcy  find that the slope

of the lM1’ is I’ = –1.8 + 0.1 for the combined data for two l.MC associations (1,11 117 and I.JJ

118, Massey et al. 1989a), 1’ = –1.8+ 0.2 for NGC  346 in tllc SMC (Massey et al. 1989 b), and

1’ = –1.6 + 0.1 and r = –1.1 + 0.1 for the two adjacent associations 1,119 and 10, respcctivcly,

in the I,MC (Parker et aL 1992). These slopes apply to stellar masses 14 > 9M0. The range

of slopes found for the associations studied by h~asscy and collaborators fall within the range

of s]opcs found in this study.

‘J’hc work of Salpcter (1 955)

b) 7’hc (i’alazy

was the first eflort  to derive the Ih41+’ for field stars in tile solar
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ncighbourhood. ‘1’lLc 1 M II’ for Inassive stars  in the solar ncighhourllood  IIas since been studied by

Millcral}dS calo(1979),l,cqtle~1x(  1979b),C  lall(liusa~  ~dGrosl)@l(1980  ), Garll~al~yeta  J. (1982),

‘J’arrab (1982), Humphrcys  and Mcl~lroy (1984), Vanbevcrcn (1984) and Van Hurcn (1985),

among ot}lcrs.  Some invcstigatom  have attempted to derive the lMF  from studies of field stars,

whi]c others  have studied young open clusters and associations. ‘J’he results of all these studies

have been thorough] y reviewed by Scalo (1986). Scalo concludes that the results are consistent

with an IM1’ slope of 1’ N – 1.7 for 2A40 < M < 10J40.  ‘J’he slope at }lig}~cr masses is very

unc.crtain,  and alt}~ough  it probab]y  lies within the range --2.4 ~ 1’ ~ —1 .3, tllcrc is no reason

to prefer any particular value within this range. ‘J’hc results obtained ltcrc (1’ = –2.0 + 0.5)

imply that the IM1’ for massive stars in the Mage]lanic Clouds is indistinguishable from that

in the Galaxy.

More recently, Rana (1987) has derived the JMF for the solar ncighbourhood  using a lumi-

nosity function formed from the data,  of Gilmorc  and Reid (1983), l;aton  et al. (1 984), Gilmorc

et al. (1 985), and Robin and Cr&6  (1 986) and scale hcigl)ts  for main sequence disk stars. Rana

finds a s]opc of ~ = –1.8 for M > 1.5M@,  in good agrccmcnt  with our result.

As discussed in ~11, II]aha  and IIumphrcys  (1989) have compared tllc luminosity functions

of the Galaxy, the LMC,  and SMC. These investigators have also used these data to derive the

IMF for the most massive stars in the three galaxies. ‘J’hc evolutionary tracks of Macder  and

Mcynet  (1987) were used to gcncratc  the mass functions. Blaha  and Humphreys  find the slope

of the lMl~’  to be 1’ = –2.2+0.5 for the Galaxy, 1’ = –1 .94:0.5 for the I. MC, and 1’ = –2.0+0.9

for the SM C. ‘J’hcsc  slopes apply to masses in the range 25M0 < M < 85M0.  They also found

that, if data from the 30 Dor region of the J,MC were included, the s]opc of the IM1’ dccrcascd

to 1’ = – 1.53:0.4. IIowcvcr,  this result  is questionable, duc to possihlc incomplctcncss  of the
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lower mass stars in the 30 IIor region.

VII .  CONCLUSIONS

We have used UIIV photometry of 011 associations in the I,MC and SM C to derive lunlinos-

ity and mass functions for the most massive stars in the associations. Our major conclusions

arc:

(1) ‘1’hc slope of the main scqucncc  luminosity junction  appears to bc

–4.0 ~ 114v < –1.0 mag,  having a value of s~, = 0.30 over this range in

universal in the range

luminosity, with very

little variation among associations. l~urthcrmorc,  the luminosity functions for the sets of I,MC

and SMC associations arc similar, indicating that this part of the luminosity function can only

bc weakly dependent on metal abundance, which differs bctwccn these two galaxies.

(2) ‘J’hc slope of the main sequence luminosity junction  in the range -4.0 ~ Alv <-1.0

mag  is significantly shallower than the luminosity function at higher  luminosities. The slope of

s~~ = 0.30 is much smaller than the value ofs N 0.7 found by l’rccdman  (1985) and Blaha  and

IIumphrcys  (1989) for brighter stars (A4v < –5 mag).  The most likely reason for this difference

is that the brighter stars consist primarily of a mixed and more highly evolved population.

(3) The slope of the IM1’ is 1’ = -2.0+ 0.5 for masses M > 9A40. ‘]’hc IN411’s  were

derived by comparing the positions of stars in the (lvf~Ot, log(7&jj))  plane with the tllcorctica~

evolutionary tracks of Macdcr  and Meynet (1988). There is no significant evidcncc  for any

variation of the IMF  among the associations. ‘l’he slope of the IMF is similar in both the

I,MC and SMC associations, and hence the IM1’ for massive stars (9 s f14 < 60 J4(0) is also

not strongly dependent on mctallicity.  ‘J’])c slope of the IMII’ found here agrees W C]] with other

rwccnt determinations of lM 1> s]opc in both the Galaxy  and the Magcllanic  Clouds.

(4) ‘1’here is some evidcncc  that the slope of tile IM1’ is flatter for 114< 10 MC) than it is
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for hig]lcr  masss t a r s . ‘J’]lc!  .s]ope  of t]lc IMII’ ap])ears to c]laNgc  at f14 w 10f140 for Jnany of t]le

associations. ‘J’hc evidence indicates that i,hc data slIould  not be suffering from incompleteness

until much lower masses and that systematic errors which tend to fla.ttcn the derived mass

functions are not significant for the stars above N 5J4~.  Unfortunately, this leaves only a small

range in mass on which to base this apparent decrcasc in LIIC IM 1’ slope. l“urther work will be

ncccssary  to verify this change in slope one way or tllc other.
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and Applications. W],l’”s rcsca.rch is supported in part  by NSII’ Grant AS’J’ 87-13889.
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1.28
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. . .
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. . .

. . .
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Table 3

IJuminosity Function  Slopes

Range s s,,L~

L M C  Lli 4 12.0< 1~. <19.0 0.25+ 0.04 0.31 + 0.22

1,1154 12.0< V. <18.5 0.213, 0.03 0.21 * 0.16

1,1158 13.0< V. <19.0 0.24 + 0.04 0.32+ 0.20

1,1183 1 2 . 5 <  VO <18.5  0.26i  0.04 0.26+ 0 .19

LH 87 12.0< VO <18.5 0.29+ 0.03 0.34 + 0.16

IX 93 11.5< VO ~ 18.0 0.23+ 0.03 0.30+ 0.14

1,11 111 10.5< VO ~ 17.0 0.29+ 0.03

SMC N 24 1 4 . 0 <  VO <18,0  0.40+0.05  0 . 3 9 4 , 0 . 1 2

NGC 249 13.5< V. <18,0  0.38+ 0.11 0.38+ 0 . 3 3

NGC 261 12.5< VO <18.5  0.35+ 0.04 0.23+ 0.23

NGC 376  14 .0<  V. s 18.5 0.30+ 0.06 0.33+ 0.11

NGC 456 13.5< VO ~ 19.0 0.24+ 0.04 0.34+ 0.14

NGC 460 14.0< V. s 19.0 0.25+ 0.05 0.22i 0.14

NGC 465 12.5< VO <19.5 0.20+ 0.03 0.25+ 0.24

41



‘J’ab]c 4

Color/ltflectivc  ‘1’cm})craturc Conversions

—

10g(7&,,  )=3.991 –O.324Q-{  0.294Q 2 (1) - v). <0.00, u~ <0.10

]o~(~:,,) = 3.832 – 2.204(11 – V). (11- V). <-0.12, au >0.10

log(7:,,  )=3.983 -O. G54(B-v)o+  2.472 (B- V): –0.12<(B-V). <0.00, au > 0 . 1 0

log(7&f,)  =3.992 -o.732(})--  v)o-l 1.177 (D-- v): 0 . 0 0 <  (D- V). <0.20

log(l~f,  ) = 3.948 – 0.331(B -- V)o+ 0.064(11  – V): 0.20< (11 – V). <1.60

log(l&jj)  =4.691 –0.687(B - V ) . 1.60< (}1 -- V). <1.80

]og(~eIj)=3.45 (}1 - V). > 1.80

‘l’able 5

Effective r]`erllI)cratll  rc-llololnetric  Corrcctio1l  Conversions

l~C = 23.39 – 5.901 ]og(~:jj)

11~ = 18.01 – 4.587 ]O@:jj)

l~c = –137.1 + 70.88 ]0~(~:,,)  – 9.]50(]og(~;\,))2

l)C = –564.9 +- 303.3 ]o~(~;,,)  – 40.73 (10g(7’.,,  ))2

log(7:j,  ) >4.00

3.9< log(l~fj)  <4.00

3.72< Iog(T:ff ) <3.90

log(7~,j) <3.72
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‘1’able 6

Mass ]+’unctions  for I,MC Associations

Mass Range IOg(f(log J4))

(MO) IJll 4 1,1154 1)11 58 1,1183 1,1187 1,1[ 93 1,11 111—

2.5-3 2.74

3-5 2.62

5-7 2.44

7-9 2.38

9-12 2.35

12-15 1.86

15-25 1.26

25-40 1.29

40-60 . . .

60-85 0.82

2.68

2.45

2.35

2.39

2.33

2.16

1.65

0.69

1.06

. . .

2.85

2.77

2.71

2.62

2.51

2.16

1.88

1.17

0.75

. . .

2.50

2.45

2.31

2.19

1.94

2.06

1.65

1.39

1.23

. . .

2.73

2.67

2.48

2.38

2.32

1.86

2.03

1.64

1.36

0.82

2.55

2.53

2.74

2.52

2.51

2.46

2.20

1.99

1.60

1.52

. . .

2.31

2.62

2.76

2.89

2.66

2.37

1.92

1.06

. . .
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‘l’able 7

Mass l’uuct.ions for SMC Associations

Mass Range log(f(log  A4))

(Mo) N 24 NGC 249 NGC 261 NGC 376 NGC 456 NGC 460 NGC 46.5

2.5-3 2.48 2.22 2.67 2.78 2.33 2.84 2.80

3-5 2.65 2.45 2.71 2.69 2.32 2.65 2.71

5-7 2.87 2.43 2.59 2.72 2.30 2.39 2.67

7-9 2.62 2.22 2.14 2.56 2.04 2.42 2.54

9-12 2.47 2.28 2.38 2.46 2.18 2.30 2.43

12-15 2.19 1.97 2.13 2.34 1.92 2.24 2.19

15-25 1.65 1.70 1.80 1.50 1.80 1.70 1.73

25-40 0.69 0.69 1.39 . . . . . . 0.69 1.39

40-00 . . . 0.75 0.75 . . . 0.75 0.75 0.75



.

“J’able 8

Mass Function Slo]m

1’(M > 9A4@) 1’1 Mass Range (i140)

l,MC 1,114

1,1] 54

1,}1 58

1,1183

1,1187

1,1193

IJ{ 111

SMC N 24

NGC 249

NGC  261

NGC 376

NGC 456

NGC  460

NGC 465

–2.07 + 0.31

–2.50 i 0.38

-2.47+0.31

--1.234.0.36

--1.413 0.23

--1.21 +0.17

–2.00 i 0.19

–3.21 :1:0.44

–2.44 + 0.35

--2.174:0.31

–2.96  d- 0.63

–1.79 + 0.39

-2.533:0.35

--2.364:0.31

–1.26+0.13

–0.93 + 0.]4

–1.193-0.11

--1.0940.13

--1.10+0.09

--1.0630.10

–2.00 * 0.19

–2.22 + 0.19

–1.16+0.14

–1.30+0.11

–0.84 + 0.14

–0.87 4:0.15

–1.24 4:0.12

–1.21 + 0.11
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FIG UIL.E CAI’rl’l  ONS

l~ig.  1  I,uminosity  l’unction  f o r  1,11 4. ‘J’hc error bars represent m where N is the numlmr

of stars in a given magnitude interval.

l’ig. 2- luminosity l“unction for 1,11 54<

l’ig. 3- IJuminosity Function for 1,1158.

I’ig. 4- IJuminosity l“unction for 1.1183.

l’ig. 5- luminosity Function for 1,1187.

l’ig. 6- luminosity l’unction  for 1,11 93<

l’ig. 7- luminosity l“unction for 1,1[ 111.

Fig. 8-- Luminosity Function for N 24.

Fig. 9-- Luminosity Function for NGC 249.

l’ig. 10 – luminosity Function for NGC  261.

l“i.g.

l’ig.

l’ig.

1 – I,uminosity  Function for NGC 376.

2-- luminosity Function for NGC 456.

3- I,uminosity  Punction  for NGC 460.

l’ig. 14- luminosity Function for NGC 465.

l’ig. 15-- ‘J’hcoretical  11 R ])iagra]n  for NGC 465. l’illcd circles denote  stars with the highest

quality photornctry,  open circles represent stars with intermediate precision ])hotomeiry

and plus signs denote stars with the least  prccisc photometry. ‘The stars with the best

photometry clearly define the main sequence while the stars with poor photometry show

tlic cficcts of errors in tlic transformation to the theoretic.al plane (SCC text for details).

l’ig. 16- “J’hcorct,ical  evolutionary tracks of Macclcr  and Mcynct (1 988).

l’ig. 17- ‘J’hcorctical  111{.  l)iagram for 1,11 4. 2’l]c  evolutionary tracks SIIOWJI  (fm]n hottoln  to
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top) arc for2.5,3,5,7,9,  12,15,25,40,60 and 85A40. Scc tl]ctcxt  foran exp]anationof

the dashed  lines.

l’ig. 18--’hcoreticalal  lllt  Diagram forl,ll  54. Thcevolutionarytra  cksshown (from bottom to

top) arc for 2.5,3,5,7,9,12, 15,25,40,00 and 851vf0.  Sec the text for an explanation of

the dashed lines.

Fig. 19-- Theoretical 11 R l)iagram for 1,11 58. The evolutionary tracks  shown (from bottom to

top) are for 2.5,3,5, 7,9, ]2, 15,25,40,00 and 85A40. See the text for an cxpla. nation

i,hc dashed lines.

Fig. 20 – ‘J’heorctical  11 R l)iagram  for 1,11 83. ‘J’hc evolutionary tracks show]l  (from bottom

top) arc for 2.5,3,5,7,9,12, 15,25,40,60 and 85A4@. Scc the t.cxt  for an explanation

the dashed lines.

l’ig. 21 - ‘J’heoretical  HR Diagram for LH 87. The evolutionary tracks shown (from bottom

top) arc for 2.5,3,5,7,9,12, 15,25,40,60 and 85J40.  Scc the text for an explanation

the dashed lines.

l’i.g.  22 – ‘J’llcorcticaJ  11 R l)iagram  for 1,11 93. ‘J’he cvo]utionary  tracks shown (from bottom

top) arc for 2.5,3,5,7,9,12, 15,25,40,60

the dashed lines.

Fig. 23- Theoretical IIIL l)iagram for 1,11 111.

to top) arc for 2.5,3,5,7,9,12,15,25,40,

of the dashed  lines.

l“ig.  24- ‘J’hcorctical  11 It Diagram  for N 24. The evolutionary tracks shown (from bottoln  to

and 85A4@.  Scc the text for an cxpla. natjon

of

to

of

to

of

to

of

7’lIc evolutionary tracks shown (from bottom

,60 and 85A40. Sec the text for an cxp]anation

top) arc for 2.5,3,5,7,9,12, 15,25,40,60 and 85J40.  Scc the text for an cx])laltation  of

tllc dashed lines.
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11’ig.  2 5 -  ‘1’hcorctical lIltl)iagramf  orNGC249. ‘I’llc:  cvollltio]laryt  rac.kssl]owl~ (froln Lotto]n

to top) are for 2.5,3,5,7,9,12, 15,25,40,60 and 851140.  %c the text for an explanation

of the dashed lines.

IJig. 26- ‘J’hcorctical  11 1{. l)iagram for NGC 261. ‘J’lic evolutionary tracks shown (from bottom

to top) are for 2.5,3,5, 7,9,12, 15,25,40,60 and 85A4@. SCc the text for an explanation

of the dashed lines.

l’ig. 27- ‘J’heoretical  11 1{. l)iagram  for NGC 376. ‘J’hc evolutionary tracks shown (from bottom

to top) are for 2.5,3,5,7,9,12, 15,25,40,60 and 85 J140. SCc the text  for an explanation

of the dashed lines.

l’ig. 28- ‘J’hcoretica]  lilt  Diagram for NGC 456. ‘J’he evolutionary tracks shown (from bottom

to top) are for 2.5,3,5,7,9,12, 15,25,40,60 and 85J40.  See the text for an explanation

of the dashed lines.

l’ig. 29 – Theoretical lill, Diagram for NGC 460. g’lic  evolutionary tracks shown (from bottom

to top) arc for 2.5,3,5,7,9,12, 15,25,40,60 and 85J40.  See the text for an explanation

of the dashed lines.

l’ig. 30- ‘J’heorctica]  IIR  ])iagram for NGC 465. !l’lic  evolutionary tracks shown (froln bottom

to top) are for 2.5,3,5, 7,9,12, 15,25,40,60 and 85 A4G). See the text for an explanation

of the dashed lines.

Fig. 31 - Mass Function for L]] 4. The error bars represent fi where IV is the number of

stars in a gi vcn  mass bin. ‘J’hc line rcprcscnts  a lca.st-squares fit to the data over tlic

range in masses spanned by the line.

llg. 32- Mass l~unction  for L1l 54.

1+’ig.  33- Mass l’unction  for 1,1158.
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Fig. 34-  Mass l“ullctioll  for 1,11 83.

l’ig. 35- Mass l’unction  for 1,1187.

l“ig.  36- Mass 1{’unction  for 1,1193.

Fig. 37- Mass l“unction for 1,11 111.

l“ig. 38- Mass l’unction  for N 24 .

l’ig. 39- Mass Function for NGC 249.

l~ig. 40- h4ass l’unction  for NGC 261.

l’ig. 41- Mass l’unction  for NGC 376.

l“ig. 42- Mass l“unction for NGC 456.

Fig. 43- Mass l“unct,ion  for NGC 460.

l~ig. 44 – Mass Function for NGC 465.
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